INTRODUCTION
High sodium intake is directly related to hypertension, one of the leading causes of cardiovascular disease, which accounted for nearly 800,000 deaths in the United States in 2010 (1) (2) (3) . Most Americans consume more sodium than is recommended, on average, w3300 mg/d, the vast majority of which is estimated to come from packaged and restaurant foods (.75%) (4, 5) . The 2010 Dietary Guidelines for Americans (DGA) 5 recommends that all Americans should limit their sodium intake to ,2300 mg/d, but those aged $51 y, African Americans, and those with hypertension, diabetes, or chronic kidney disease should further reduce their intake to 1500 mg/d (6) . A recent report suggested that sodium density, expressed in milligrams per kilocalorie, is a practical approach for expressing and monitoring adherence to these recommendations (7) . The DASH (Dietary Approaches to Stop Hypertension) study diets consisted of incremental amounts of sodium based on caloric requirements; the sodium targets for the "intermediate" sodium level DASH diet range from 1.02 mg sodium/kcal to 1.15 mg/kcal (8) . The U.S. Food and Drug Administration (FDA) specifies general requirements for foods making health label claims, which restricts the amount of sodium in any foods that use a "healthy" label claim (9, 10) . In 2010 the Institute of Medicine recommended that food manufacturers gradually reduce the amount of sodium in their products (2). Recent efforts by the New York City Department of Health and Mental Hygiene's National Salt Reduction Initiative (NSRI) encourage food manufacturers to meet specific targets for sodium across different food categories (11) . In addition, many food manufacturers in the United States have voluntarily pledged to lower sodium in their products, including those who have partnered with the NSRI, Walmart, Kraft, and General Mills (12) (13) (14) . Monitoring sodium in packaged foods is necessary to evaluate the impact of these efforts.
The USDA's National Nutrient Database for Standard Reference contains the nutritional composition of w8000 foods and is the basis for the Food and Nutrient Database for Dietary Studies (FNDDS), which is used to assess dietary intakes of foods and nutrients for What We Eat in America, part of the NHANES (15) (16) (17) . The USDA databases contain brand-level information for certain food categories, such as infant formula and ready-to-eat cereals. However, currently, no comprehensive databases that combine nutrition and sales or consumption information are publicly or commercially available in the United States to monitor the sodium content in packaged or restaurant foods at the brand or product level (18) . Although one such database was developed for New York's NSRI and others have been developed by independent researchers, understanding of the sodium content of packaged foods is limited. To address this gap, our objectives were as follows: to describe the baseline sodium content of top-selling branded packaged foods within food categories contributing the most to U.S. sodium intake, to compare the sodium content to the FDA criteria for healthy foods in milligrams per serving, and to evaluate sodium content in relation to current recommendations for sodium intake (19) .
METHODS
We combined product-level, point-of-sales calendar-year 2009 data from Nielsen ScanTrack (20) with Nutrition Facts Panel (NFP) data from Gladson LLC (21) by Universal Product Code (UPC). The Nielsen ScanTrack database captures all products sold in the vast majority of U.S. grocery stores with annual sales $$2 million. On the basis of consultation between nutrition experts at the CDC and the USDA, we selected and purchased w250 grocery modules that included packaged food products that 1) contained sodium added during processing and 2) were known to be commonly consumed in the U.S. population. UPClevel data were obtained from Gladson's 2009 database, which includes all nutrition information as it appears on the NFP, as well as information such as package size, product description, brand, and parent company. Although both the Nielsen and Gladson databases contained information on private-label (generic) products, UPCs for these foods are unique to specific retailers. Because of the poor matching of UPCs for these privatelabel products between the 2 databases, they were deleted before merging. Once merged, the products were mapped to 63 of the 104 USDA's 2007-2008 FNDDS food categories, and an additional category of "salt and other seasonings" was created for a total of 64 categories with 142,629 products ( Figure 1 ). Mapping of products in the database to USDA food categories was conducted by 2 independent researchers, and a third researcher resolved any differences. All product descriptions within all Nielsen modules were reviewed; and in some cases, an entire Nielsen module was directly mapped to a USDA food category, although for other modules the products had to be mapped individually. The remaining 41 USDA food categories that did not match to the database consisted of mainly fresh or frozen fruit and vegetables, dairy products, and beverages that contain minimal amounts of added sodium. Products in these 41 categories are not included in the database or in this analysis. Because the USDA food categories were developed for assessing dietary intakes and are broad in nature when compared with the variety of packaged food products available, we retained the Nielsen grocery module information. For USDA categories that contained an adequate number of products (UPCs) in different grocery modules (.10), we created subcategories in an effort to better group more similar products together.
In an initial merge of the 142,629 products in Nielsen, .135,000 products did not match or were missing nutrition information in the Gladson database. We limited our manual search for NFP data to those food products that comprised the top 80% of equivalized unit sales (in ounces or pieces sold) within each USDA food category ( Figure 1 ). Because the top 80% of sales within each food category comprised a relatively small number of products, this limited the database to a total of 8118 food products (e.g., a food category may have a total of 300 products but only 60 of those products comprise 80% of total unit sales within that category). Of these 8118 products, 7036 matched with the Gladson database. The NFP information for 877 of the remaining 1082 products was identified on the basis of a standardized Internet search protocol using, in order, the following: 1) manufacturers' websites, 2) retail websites (walmart.com, shopwell. com, shoprite.com, peapod.com, etc.), and 3) calorie/nutrition websites (livestrong.com, myfitnesspal.com, caloriecount.com, calorieking.com, foodfacts.com, fatsecret.com, coheso.com). For 205 products, NFP information was not found through the standardized Internet search, mainly because of product discontinuation or change. Fifty-seven of the products that matched with the Gladson database were missing serving size information or had serving sizes that were not conducive to analysis (e.g., 1 tablespoon) and were excluded, which left a total of 7856 products with complete sales and nutrient information. We further included any products from the Nielsen database that comprised .1% of equivalized unit sales within any category (n = 48). Finally, we excluded 5 unpopped popcorn products and 1 dry soup mix product because of their extremely high sodium concentrations and densities (accounting for ,0.5% of unit sales), yielding an analytic database with 7898 packaged food products ( Figure 1 ).
In this analysis, we examined the sodium content of packaged foods within the USDA food categories shown to contribute the most sodium to the U.S. diet (19) . We expanded the published list of 10 categories to include the top 20 food categories and included the Nielsen module subgroups, where applicable (19, 22) . We examined the mean and distribution (SD, quartiles, range) of the sodium content in packaged foods in milligrams per serving and in milligrams per 100 g and the sodium density in milligrams per kilocalorie. Preliminary analyses yielded very few significant differences between weighted and unweighted estimates; therefore, we included results weighted by equivalized unit sales (in ounces or each sold). The serving size listed on the NFP was used to estimate the sodium content per serving. For the purpose of monitoring the sodium content of packaged foods as they are sold, we used the NFP label data for the food "as packaged" in this analysis, rather than incorporating the "as prepared" variations. We calculated the sales-weighted proportion of products within each food category for which a single serving exceeds the FDA sodium limits for foods, meals, or main dish products that use a "healthy" label claim. This limit is 600 mg/serving for main dishes and meals. For individual foods with a Reference Amount Customarily Consumed (RACC) of .30 g, the limit is 480 mg/serving. For individual foods with an RACC of #30 g, the limit is 480 mg sodium/50 g (10) . To compare the sodium content of products to the U.S. DGA sodium recommendations, we also estimated the sales-weighted proportion of products for which a single serving exceeds 50% of the DGA-recommended daily sodium intake of ,2300 mg (1150 mg/serving) (6) . We used SAS version 9.3 for all analyses. Table 1 shows the number of products (UPCs), the number of unique brands, the millions of equivalent units sold (in ounces or each), and the sales-weighted means and ranges of serving sizes (in grams) for packaged food products within the top 20 USDA food categories that contribute the most sodium to the average U.S. diet, in descending rank of sodium intake contribution. We also included the FDA's RACC within each food category for reference purposes (23) . The bread and rolls category had the largest number of unique brands represented in our database (n = 114). The frankfurters and sausages category contained 91 unique brands, followed by the savory snacks category, with 82 unique brands. The eggs and egg mixed dishes category had the smallest number of unique brands, with only 5 that comprised the top 80% of unit sales within that category. Products in the savory snacks category had the highest unit sales in our database, representing 2.5 billion ounces sold in 2009. Bread and rolls had the second highest unit sales, with just over 2 billion ounces sold. Serving sizes varied widely across categories, even for those with a specific RACC that applied to all products within a category. The sales-weighted mean serving size exceeded the RACC in the following several categories or subcategories: frozen bread; fresh buns, rolls, bagels, etc.; frozen pasta mixed dishes; meat mixed dishes; fried rice, lo mein, stirfry mixtures; and frozen/refrigerated biscuits, muffins, and quick breads.
RESULTS
Products in the meat mixed dishes category had the highest sales-weighted mean and median sodium contents in milligrams per serving at 966 and 970 mg, respectively; the IQR was 740-1100 mg/serving ( Table 2) . Among meat mixed dishes, the frozen products had a slightly lower sodium content in milligrams per serving than the canned products (mean = 935 mg/ serving vs 1046 mg/serving). Products in the pasta mixed dishes category had the second highest mean sodium content in milligrams per serving, at 805 mg, with a median of 810 mg and an IQR of 660-940 mg/serving. The sodium content in milligrams per serving in frozen pasta mixed dishes was also slightly lower than in the other products in the category (mean = 792 and 817 mg/serving, respectively). Products in the poultry mixed dishes, which was composed primarily of frozen foods, had a mean sodium content of 830 mg/serving, a median of 790 mg/serving, with an IQR of 560-1040 mg/serving. In the bread and rolls category, which contributes the most sodium to the average U.S. diet, products had a mean and median of 216 and 200 mg sodium/serving, with an IQR of 150-250 mg/serving. Unlike products in the meat and pasta mixed dishes categories, in which the sodium content in the frozen products was slightly lower than others (canned, shelf-stable, etc.), in the bread and rolls category, frozen bread had a slightly higher mean and median sodium content per serving (245 and 240 mg/serving, respectively) compared with fresh bread (192 and 190 mg/serving, respectively). Compared with bread and rolls, only products in the savory snacks and ready-to-eat cereal categories had lower weighted-mean sodium contents in milligrams per serving at 202 and 172 mg, respectively (median: 180 mg/serving for both categories; IQR: 150-240 and 140-200 mg/serving, respectively). The highest variation in sodium in milligrams per serving within the 25th and 75th quartiles was observed in the poultry mixed dishes category, with an IQR of 480 mg/serving. The smallest IQR of 60 mg/serving was observed in the ready-to-eat cereal category.
Products in the processed-cheese subcategory had the highest mean sodium concentration in milligrams per 100 g, with a mean of 1326 mg/100 g, which was higher than in natural cheese products, with a mean of 647 mg/100 g ( Table 3 ). Although formal statistical testing was not performed, the 10th percentile of processed cheese (1223 mg/100 g) was higher than the 90th percentile of natural cheese (786 mg/100 g). Products in the cold cuts and cured meats category had the second highest sodium concentration in milligrams per 100 g, with a mean of 1117, a median of 1093, and an IQR of 988-1214 (226 mg/100 g). Products in the salad dressings and the tomato-based condiments categories had mean sodium concentrations of 1072 and 974 mg/ 100 g, respectively. Products in the fried rice, lo mein, and stir-fry mixtures and the eggs and egg mixed dishes categories had the lowest concentrations, with means of 289 and 293 mg/100 g, respectively. The IQR of sodium concentrations in milligrams per 100 g ranged from 101 mg in bread and rolls (435-536 mg/100 g)
to 688 mg in the cheese category (635-1323 mg/100 g). Table 4 shows the sales-weighted sodium density in milligrams per kilocalorie. Products in the soup and tomato-based condiments categories had the highest density, with means of 18.4 and 13.0 mg/kcal respectively, and medians of 7.3 and 12.7 mg/kcal, respectively. These categories were followed by cold cuts and cured meats, which had a mean density of 7.3 mg/kcal, a median of 6.8 mg/kcal, and an IQR of 3.7-10.2 mg/kcal. Ready-to-eat cereals and savory snacks had the lowest sodium density, with a mean of 1.4 mg/kcal in both categories (median: 1.5 and 1.2 mg/kcal, respectively). The IQR of sodium density varied the least (0.4 mg/kcal) in the macaroni and cheese and bread and rolls categories, with 25th-75th percentiles of 2.2-2.6 and 1.7-2.1 mg/kcal, respectively. The variation was greatest in the soup category, as indicated by the SD of 25.2 mg/kcal and the IQR of 9.5 mg/kcal (5.3-14.8 mg/kcal). The variation was second highest in the cold cuts and cured meats category, with an IQR that spanned 6.5 mg/kcal. Table 5 shows the sales-weighted proportion of products sold within each food category for which a single serving is greater than the following: 1) the FDA sodium limits for products using a "healthy" label claim and 2) 1150 mg/serving (one-half the DGA recommendation of ,2300 mg/d). More than half of products sold in 11 out of the 20 food categories contain more sodium per serving (or per 50 g) than the applicable FDA limits for "healthy" foods, including the following: meat mixed dishes (90.4%), particularly among canned products in this category (100%); pasta mixed dishes (83.2%); pizza (77%); cold cuts and cured meats (68%), particularly among canned products (92%); fried rice, lo mein, and stir-fry mixtures (68%); poultry mixed dishes (66.9%); soups (64.3%); macaroni and cheese (62.9%); frankfurters and sausages (62.6%); salad dressings and vegetable Ranks are based on descending order of food group's contribution to total sodium consumption among all participants (aged $2 y) in NHANES 2007-2008 as published in reference 19 and expanded to include the top 20 food categories. Subgroups are based on Nielsen modules to group similar products. 3 Units sold in ounces or each (1 ounce = 28.35 grams). 4 RACC as defined by the Food and Drug Administration general provision (23) . For mixed dish-type foods that can be measured in cups (e.g., fried rice), the RACC is 1 cup. For mixed dish-type foods that cannot be measured in cups (e.g., lasagna), the RACC is given in grams. 5 Ranges and mean serving sizes in grams from the products' Nutrition Facts Panel. Mean serving size is based on equivalized sales-weighted estimates (weighted by the number of equivalent units sold in ounces or each). oils (60.8%); and sandwiches (53.2%). In addition, 91.3% of products in the processed-cheese subcategory exceeded the FDA limit, whereas only 1.4% of natural cheese products were above this cutoff. Among biscuits, muffins, and quick breads, 81.7% of frozen or refrigerated products exceeded the FDA limit for healthy label claims, whereas only 3.7% of fresh products in this category were above this level. In 3 categories (meat mixed dishes, pasta mixed dishes, and pizza) and in 3 subcategories (canned cold cuts and cured meats, processed cheese, and frozen or refrigerated biscuits, muffins, and quick breads) .75% of the products sold have more sodium per serving (or per 50 g) than the FDA limit for "healthy" foods. In 4 categories, .10% of the products exceeded 1150 mg sodium/serving: meat mixed dishes (22.7%); poultry mixed dishes (15.8%); fried rice, lo mein, and stir-fry mixtures (13.2%); and eggs and egg mixed dishes (11.2%).
DISCUSSION
In 2009, the sodium content of commercially processed packaged foods in the 20 categories contributing the most to U.S. sodium intake was high and varied substantially within categories, as well as within subcategories. More than half of products sold in 11 of the 20 food categories examined exceeded the FDA's limits for the "healthy" label claim per serving. Given the high average sodium per serving in these products, it does not require many servings to exceed the DGA recommendations for sodium intake. In 4 of these food categories, .10% of the products sold exceeded 1150 mg/serving, meaning it would require ,2 servings of these foods to exceed the DGA recommendation of 2300 mg/d. Sodium serves several important purposes in food processing and manufacturing, and some of the food categories examined in this analysis are heterogeneous and capture a wide variety of products, particularly in the mixed dishes categories. However, we observed a wide variation in sodium content in milligrams per serving, milligrams per 100g, and milligrams per kilocalorie in these foods, indicating the potential for choosing products to attain a "healthy" diet within all of the categories examined here. Although a large proportion of the products we examined exceeded the sodium targets for the "intermediate" sodium level DASH diet in terms of milligrams per kilocalorie (range: 1.02-1.15 mg/kcal), it is important to note that this particular measure should be interpreted with care, because foods that are high in fat or sugar and hence relatively low in sodium per kilocalorie may be misinterpreted as being "healthy" (8) . Given that 9 of 10 Americans exceed the daily recommended intake of sodium (4), our results emphasize the importance at the consumer level of reading product labels and selecting products that are lower in sodium. Although it is difficult to compare our findings with previous results because of differences in categorization of foods, databases and years examined, and definitions of "healthy" sodium content, our findings support those in the United States and in other developed countries that showed excess sodium content in commercially processed and packaged foods, as well as wide variation in the sodium content within food categories (24) (25) (26) (27) (28) .
There are some acknowledged limitations to this database. First, because Gladson collects data from food manufacturers passively, the products in the 2009 database range from 2000 to 2010 in their dates of entry or update (with the exception of those products for which the NFP data had to be manually entered in 2012); 77% of products were entered or updated between 2008 and 2010; the remaining 23% were entered or updated before 2008. It is not known whether the older nutrition information for a particular product is valid because no changes were made to that product or whether the product indeed changed but the manufacturer did not send updated information to Gladson for entry into its database. Second, all of the nutritional information is extracted directly from the NFP rather than from laboratory analysis of the foods. According to FDA regulatory standards, the label value on the NFP can exceed the actual sodium content by as much as 20% before the food is considered misbranded (29) . However, we compared the sales-weighted average sodium values from the NFP for sliced white bread and hamburger and hotdog buns with recent USDA laboratory results on these foods and found that the average NFP data closely aligned (64%) with the average values from the analysis for these foods (J Ahuja, unpublished results, 2013). The third limitation is that the 2009 Nielsen sales data did not capture warehouse-type retail sales (e.g., Costco, Sam's Club), Walmart grocery sales, or sales from independent or smaller grocery chains that gross ,$2 million/y Ready-to-eat cereal 5 --15
Tomato-based condiments 5 47.5 (8.8) - 16 Eggs and egg mixed dishes 6 22.2 (9.8) 11.2 (7.2) 17
Fried rice, lo mein, stir-fry mixtures 6 68.0 (6.5) 13.2 (6.2) 18
Poultry mixed dishes 6 66.9 (4.7) 15.8 (3.9) 19
Biscuits, muffins, quick breads 5 38.0 (8.6) -Frozen/refrigerated 81.7 (6.0) -Fresh 3.7 (3.9) -Mixes 4.7 (3.8 ) -20
Macaroni and cheese 6 62.9 (18.6) -in sales. Walmart has become the largest U.S. food retailer, and discount supercenters and warehouse club stores currently account for w30% of U.S. grocery sales (30, 31) . Although Walmart pledged in 2011 to reduce the sodium content in their private label products by 25% (32) , no available evidence indicates that the sodium content of packaged foods available through this or other warehouse-type outlets differed substantially in 2009 from that of the major retailers included in the Nielsen data. Fourth, our database does not include private-label or generic food products, which were estimated to account for w25% of calories sold in 2007 (33) . However, we have no reason to believe that these products differ substantially in their nutritional composition from their branded counterparts. Also, our database is limited to those products that comprised the top 80% of sales or .1% of sales within each food category in the 2009 Nielsen ScanTrack database; and because identical products of a different size have a unique UPC, our database may contain some replicate products. Although several other sales and NFP databases exist and are publicly available for sale, we determined the Nielsen ScanTrack and Gladson databases to provide the most comprehensive information for the cost. Even taking into account these acknowledged limitations, we believe the database represents a valid cross-section of the nutritional composition of the most widely purchased packaged foods sold in U.S. grocery stores in 2009. The DGA emphasizes the importance of reducing the sodium content of foods in the marketplace to allow consumers to reduce their sodium intake. Targets for sodium reduction in packaged and processed foods have already been established in Canada and the United Kingdom and by New York's NSRI (11, 34, 35) . Several food manufacturers have already committed to voluntarily reduce the sodium content of some of their products, some of which are listed as partners in the NSRI (11) . Given the common consumption of packaged foods, a reduction in the sodium content of these products could greatly affect the overall sodium intake in the United States and thereby affect health outcomes.
With voluntary efforts already underway by some manufacturers to lower the sodium content in some of their products, it will be important to perform similar analyses in the future to examine progress over time in the U.S. market. Tracking the sodium content and sales of packaged and processed foods over time will complement trends in dietary intakes already assessed in national surveys. Such analyses can determine potential shifts in the U.S. market in response to voluntary efforts by manufacturers and consumer choice, as represented in the sales data.
